Introduction
The pathogenesis of the painful crisis of sickle-cell disease is often obscure, though it may be precipitated by infection, especially malaria, in the last trimester of pregnancy and the immediate post-partum period, and by acidosis after ammonium chloride ingestion. Climate may also be important, and there is a widely held impression that painful crises are more frequent in cold, damp periods of the year.1-4 Diggs' noted this in Memphis, yet prospective studies over 14 years in one case and two years in 37 cases failed to show a seasonal relationship in respect of bone pain. No seasonal pattern was apparent in hospital admissions of children with sickle-cell crises in Chicago,6 yet a five-year retrospective study in Buffalo showed that admissions were more frequent in winter. The evidence is therefore conflicting, and we present here the results of a retrospective study of the seasonal incidence of painful crises in Jamaica.
MRC Laboratories (Jamaica), University 
Patients and methods
The patients attended the adult and paediatric sickle-cell clinics of the University Hospital of the West Indies, and all fulfilled the diagnostic criteria for sickle-cell (SS) disease.8 A painful crisis was defined as pain in the abdomen, chest, or limbs unexplained on any basis other than SS disease. Juxta-articular areas of limb bones were most commonly affected, and pyrexia and red urine were frequent. Pains associated with pregnancy or secondary to an obvious disease such as pneumonia were excluded since such episodes might confuse an assessment of the aetiological role of climate.
Records of painful crises were collected from three sources. Details of hospital admissions for painful crises in the 10-year period 1964-73 were obtained from the hospital notes of all patients registered at the sickle-cell clinic. Details of attendances in the casualty department during the five years 1969-73 were obtained from the casualty notes, patients subsequently admitted for severe pain being excluded. Review of the sickle-cell clinic notes for the same five-year period yielded episodes of mild pain treated at home.
"Maximum" temperature (1 pm), "minimum" temperature (7 am), and rainfall, recorded at a meteorological unit in central Kingston, were expressed as mean monthly values for the years 1964-73.
Results
Mearn monthly minimum temperatures, rainfall, and number of painful crises are given in the table. Maximum temperatures were some 8-9 C higher than minimum temperatures, and a steady rise in minimum temperature occurred from 21°C in January to about 24°C in July. Rainfall varied, but December to April was generally dry, rain increased during May to September, and the rainy season occurred during October and November.
Yearly hospital admissions for severe painful crises increased over the 10-year period, from 4 in 1964 to 28 in 1973, reflecting at least in part an increase in overall hospital admissions. Admissions for crisis in any single month varied from 0 to 6. Painful crises as documented in all three sources followed similar seasonal patterns, with a higher incidence in the winter than in the summer. Since painful crises necessitating hospital admission were of a more uniform severity and also allowed exclusion of other precipitating factors, these crises were used in examining the relationship between crises and climatic of environmental temperature. Lowering of the temperature leads to an increased viscosity of sickle-cell blood in vitro,9 which could contribute to stasis of the circulation in peripheral capillary beds. Immersion of the hand of an infant with SS disease in ice-cold water produced local swelling and oedema that simulated the hand-foot syndrome.10 Some adults with SS disease, when exposed to a low temperature in a tropical environment (20°C), develop symptoms simulating the painful crisis.3 Many Jamaican patients are convinced of the relevance of environmental temperature, noting transient pains especially at the coldest time in the early mornings and when swimming in the sea, particularly on hot days, when bathing may precipitate severe painful crises. The role of cold agglutinins and cryoglobulins in temperature-related painful crises is the subject of controversy and impossible to assess from the currently available evidence." '-4 The pathological processes underlying the painful crisis are not clear, although recent evidence implicates the small-vessel obstruction common to many other complications of sickle-cell disease. Radioisotope scanning may show impaired bloodflow in the bone marrow during a painful crisis,'5 16 and biopsies of sites of maximal tenderness have yielded necrotic marrow. '5 -17 These observations suggest that the painful crisis results from focal areas of marrow necrosis similar in origin to the dactylitis that occurs in young children.
The mechanism whereby a fall in environmental temperature may precipitate these avascular episodes is unknown. In normal persons, skin cooling leads to vasoconstriction with shunting of blood away from the superficial vascular bed. In steady-state SS disease this reflex appears to be lost, since skin cooling produces only a negligible fall in skin blood flow compared with controls.'8 During the painful crisis "arterialisation" of the superficial venous blood of the forearm has been shown to occur."9 Since the oxygen saturation in the deep venous system of the arm was normal, it was postulated that arteriovenous shunting to the superficial veins occurred in the painful crisis.
Both this shunting and the loss of reflex vasoconstriction may accentuate temperature loss. Clearly more knowledge is required on the patterns of peripheral blood flow both in the steady state and during the painful crisis of SS disease. Until this is available one must assume that there is some vascular mechanism operating in the painful crisis that disturbs the balance of marrow blood flow, compromising the perfusion in critical areas. A drop in environmental temperature may stimulate this vascular mechanism.
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